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SUBJECT: PM, s Quartz Flter Experiments

Executive Summary

Quartzfilter experimentswererecently conducted at the USEPA Nationa Air and Radiation Environmentd
Laboratory (NAREL) located in Montgomery, Alabama, as part of the continuing quality assurance
oversight for the PM,, 5 Speciation Trends Network (STN). These experiments were designed to further
our understanding of the undesirable contamination that may be transferred from a[filter holder] cassette
to thefilter. These experiments utilized the Thermal/Optical Transmittance (TOT) technique approved for
the STN to measure Organic Carbon (OC) and Elementa Carbon (EC) captured from the ambient air.
During this study, several cassette materials were tested for their potential to contaminate a quartz filter.
The fallowing cassette materidswereexamined: Delrin®, ABSPolycarbonate (blue/paly), Ertdyte®, and
Teflon®.

This study shows that measurable OC contamination can be transferred from some cassette materids to
ablank quartz filter. Previous studies using gravimetric measurement have shown that some cassettes will
contaminate a Teflon® blank. The gravimetric measurements, however, were not able to determine
specificaly where on the Teflon® filter the contaminationwas |ocated, nor were they able to determine the
chemicd species present inthe contamination. Thisstudy showsthat thelevel of OC contamination present
a the perimeter of acircular quartz filter is higher than the leve found withinthe central regionof the filter.
This discovery is not surprisng since the perimeter of the filter comesinto direct contact with the plastic
cassette. Normally the perimeter of aquartz filter is not analyzed becauseit is outside the deposit zone for
captured PM. But for this study, specia effort was made to determine specificaly where on thefilter the
unwanted contaminants were located. As aresult of this study, it is now possible to understand how
Teflon® blanks may show contamination from faulty cassettes much sooner than quartz blanks from the
same events. Only aportion of the contamination transferred from the cassette to aquartz filter is actualy
measured during the TOT andyss whereas one hundred percent of the contamination transferred to a
Teflon® filter is measured during the gravimetric analyss.
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History and Background

A series of experiments were performed in the summer of 2001 to investigate a large number of
contaminated field and trip blanks collected by the STN. Most of the blank failureswerefrom gravimetric
mass measurementsand not fromthe TOT carbon measurements. These early experiments demonstrated
that some [filter holder] cassettes, especialy new ones supplied by Met One and made of Ddrin® pladtic,
will trandfer asgnificant amount of contaminationto ablank Teflon® filter as reveded by gravimetric mass
measurements.!  Early experiments also showed that the contamination received by a Teflon® filter was
permanent, and the contamination was not removed from the filter as the ambient air passed through the
filter during sample collection.? One or more organic compounds released from the cassette plastic were
suspected to cause the blank contamination, but experiments had faled to identify the chemica(s)
responsible The investigation has now been expanded to examine quartz filters. A quartz filter is used
by the STN to capture PM for subsequent carbon andysis. Recent experiments described in this report
were conducted to measure the level of contamination which might be transferred from the cassette to a
quartz filter.

Previous studies have shown that the level of contamination observed onthe Teflon® filter depends upon
threemainfactors. (1) thelength of time given to direct contact between the filter and the cassette, (2) the
temperature of the cassette during the period of contact, and (3) the intringc contaminationpotentia of the
individua cassette. It was assumed that these principles are dso true for quartz filters. For this study, a
quartz filter blank was mounted into the test cassette, and the cassette was assembled into a sampler
module which is the current practicefor STN fidd and trip blanks. All moduleswere placed outsdein the
Montgomery autumn wesather for two weeks before they were brought back inside and disassembled for
andyss of the filter. Only new cassettes were tested since previous studies have shown that the
contamination potential of an individual cassette decreases with use,

The TOT andyss normaly proceeds by punching asub-sample fromthe centrd regionof the quartzfilter.
The sub-sample must be small enough to fit into the narrow oven of the TOT ingrument. The instrument
provides results expressed as micrograms of carbon per square centimeter of filter (:g/cn?). Instrument
results may be converted to ambient air concentration using Equation 1.

iz Jilter aeposit araz

ambizrt @ir corcentration = PR o Eq. 1
i) voluine of air sormled

Multiple punches were taken from each test filter to locate where on the filter the contamination was
highest. TOT measurements for carbon were taken not only from the centra portion of the quartz filter,
asrequired for STN samples, but dso from the perimeter of the filter whichmakes direct physical contact
withthe cassette. Examination of thefilter perimeter was
critical for this study because the routine andyds does ;’
not account for any carbon present on the outermost 4- ey
mm region of the circular filter. This 4-mm perimeter ' .f

= Custem
Puneh

makes direct contact with the plastic cassette and is
therefore unavailable for ambient air PM deposits. A
custom punch device shown in Figure 1 was created to
optimize taking punches from the perimeter of the Cluartz Filter

Figure 1
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circular filter. The standard rectangular punch device, dso showninFgure 1, wasnot useful for accurate
andysds of thefilter perimeter.

Experimental

Each experiment was desgned to mimic a travel blank exposed to outsde weather conditions in
Montgomery, Alabama, during the autumn. Theinstrumentation and theandytical method used at NAREL
for this study were essentidly the same as those used at the Research Triangle Indtitute (RT1). RTI isthe
prime contractor for STN samples.

Severa cassette materids were tested during this sudy. Derin® cassettes were obtained from two
suppliers. Met Oneand Anderson. Delrin® isapolyacetal Dupont plastic. Ertayte® cassetteswereaso
supplied by Anderson.  Ertdyte® is a Polyethylene Terephthaate Polyester plagtic registered to DSM
Enginesring. The blue/poly cassettes which are congtructed from an ABS/Polycarbonate plastic were
supplied by R&P. The Teflon® [filter holder] cassettes were supplied by URG, and Teflon® is a
Polytetrafluoroethylene Dupont plastic. Duplicate experiments were performed to test each cassette
materid.

Each new cassette was cleaned with PREMOISTENED CLEAN-WIPES™ (VWR Scientific 21910-
111) using RTI's standard procedure, and dlowed to air dry. New sampler modules were adso cleaned
usngthewipes. A blank quartz filter was mounted into each new cassette, and the cassette was assembled
into a sampler module. Each find assembly resembled a routine sealed STN trip blank except for one
modification: each assembly contained an extra blank quartz filter which was not mounted into a cassete,
but was folded, wrapped loosdy in duminum fail, and placed insde the module near the inlet. Thisextra
“module filter blank” wasdesigned to monitor contaminationthat did not require direct contact withthe test
cassette.

The modules were placed into
a thermally insulated cooler
aong with a Dixon data logger
which continuoudy recorded
the humidity and temperature
ingdde the cooler. Noiceor| .
other heat Snk materids were
placed into the cooler. The
cooler was placed outside the
building under acanopy to offer
shade and protect it from ran.

Organic Carbon Analysis

Widod. e =iltcr B~k = ontecor Pocer B Pes moter Punck

After two weeks the cooler
was brought back into the
laboratory, and the modules
were disassembled to recover
thefiltersfor anayss.

Results for the outside test
period of November 16-30 are
summarized with abar graphin
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Figure 2

Figure 2. For each cassettetested, the graph showsthe OC concentrationfound onthe interior punch, the
perimeter punch, and the module filter blank. For three of the Delrin® cassettes tested, the OC
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contaminationwas morethan 2
:g/en? on the perimeter of the Test Period Conditions
test filter. For every cassette
tested, the OC contamination %E ;E” z
on the perimeter punch was at M [ =
least dightly higher than the o TR
contamination on the interior B o
punch. Table 1 at the end of = ;E 43 2
this report contains the 2 50 %
numericadl data which are o . , Fn
graphicaly presented in Figure O e T S
2. Elementad carbon is not ﬂjﬁ@"“ Qﬁﬂ‘a o “Ruﬂ*' %ﬁ,ﬁ“ “;ep‘“ &
reported because it was not S S A
detected during the studly. .
Fgure3

Outsde temperature and

humidity conditions for the test period are presented in Figure 3. Humidity was high during the last week
of the test period because of rain. Daytime temperatures were usudly in the lower 70'swithtemperature
decreasng during the night.

Conclusons

This sudy has examined several cassette materids for their potentia to contaminate a quartz filter. Five
cassette materials were tested in duplicate under conditions that aretypical for STN trip blanks. Delrin®
was the materid which showed the greatest |eve of contamination, and the Ddrin® cassettes were supplied
by two different vendors.

This study has shown thet afaulty cassette will contaminate a quartz filter, and the contamination is more
pronounced a the perimeter of the filter. Teflon® filter blanks are out-of-control if contamination on the
filter exceedsamassof 30 :g. This contral limit applied to a quartz filter will represent gpproximately 2.5
:g/cn? as determined by the TOT andysis.

30 :g per 11.76 cm? of interior filter deposit area = 2.5 -g/cn?

None of the interior punches analyzed during this study exceeded the 2.5- - g/en? control limit. Therefore
aroutine anadysis of al the test filters would not have signded a problem. The out-of-control levels
observed for three of the perimeter punches would never have been measured for aroutine STN sample.
Perimeter punches were andyzed during this study for only one purpose: to determine where on the test
filter undesirable contaminants were deposited.
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1.

Cassette Description

Ertalyte® #1
Ertalyte® #2
Anderson Ddlrin® #1
Anderson Ddlrin® #2
Blue/Poly #1
Blue/Poly #2
Met One Ddrin® #1
Met One Ddrin® #2
URG Teflon® #1
URG Teflon® #2

Module

RASS #1

RASS #2

SASS#7
SASS#7
MASS #1
MASS#1

TABLE 1
OC Concentration (:g/cn®)
Module Filter Test Filter Tedt Filter
Blank* Interior Punch ~ Perimeter Punch
0.55 0.68 0.83
0.50 0.58 0.68
0.71 1.18 1.46
0.50 0.41 3.62
0.38 0.51 0.93
0.38 0.63 0.93
0.52 1.25 3.01
0.52 1.32 4.93
0.24 0.18 0.36
0.24 0.34 0.89

*The blank filter was placed into the module but was not mounted into a cassette.
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